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Objective 

The  proposed  research  has  as  its  major  aim  the  development  of  an  integrated  computational  and  experimental  framework  for 
the  investigation  and  control  of  failure  mechanisms  in  b.c.c.,  h.c.p.,  and  f.c.c.  polycrystalline  aggregate  materials  subjected  to 
extreme  changes  in  temperature,  pressure,  and  strain-rates.  A  special  focus  is  on  high  strength  aluminum  and  titanium  alloys 
due  to  their  complex  microstructures  and  their  use  in  DoD  applications. 

Approach 

•  Development  of  large-scale  three-dimensional  computational  formulations  and  new  fracture  formulations  that  accounts  for  the 
nucleation  and  propagation  of  intergranular  and  transgranular  fracture 

•  Controlled  in-situ  scanning  electron  microscopy  (SEM)  and  transmission  electron  microscopy  (TEM),  have  been  used  to 
understand  the  thermo-mechanical  response  of  polycrystalline  aggregates. 

•  The  new  fracture  methodology  includes  the  effects  of  microstructural  effects,  such  as  grain  texture,  GBs,  precipitates,  and 
dispersed  particles. 

•  The  new  fracture  method  is  developed  for  high  strain-rate  applications.  It  is  based  on  overlap  method  that  overcomes 
limitations  of  current  methods,  such  as  XFEM  and  cohesive  fracture. 
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•  Future  combat  systems  have  to  be  deployable,  high  mobile,  survivable,  and  adaptable  to  different  environments  and  missions. 
The  design  of  these  heterogeneous  systems,  which  could  be  comprised  of  different  material  systems  with  different  interfaces, 
such  as  GBs,  interphases,  and  bonded  and  joined  surfaces,  will  have  to  be  predicated  on  optimizing  different  material 
combinations  for  failure  resistance  due  to  extreme  changes  in  momentum,  energy,  pressure,  and  strain-rate.  If  GB  interfaces 
can  be  designed  to  dissipate  momentum  and  energy,  then  failure  initiation  and  growth  can  be  blunted  and  potentially  mitigated 
at  different  physical  scales.  This  interfacial  control  could  then  result  in  the  development  of  new  failure  resistant  materials  and 
systems. 
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Touchstone  to  continue  industrial  relevance  and  transitions  for  Army  applications  and  systems. 

Accomplishments  for  Reporting  Period 

•  Major  developments  include  computational  validation  of  the  high  strain-rate  and  high-pressure  applications.  Other  major 
accomplishments  include: 

•  Validating  criteria  for  initiation  of  fracture  on  cleavage  planes 

•  New  algorithms  for  crack  propagation,  growth,  and  rupture 
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